Abstract: Four new species of Emericella, E. discophora, E. filifera, E. olivicola and E. stella-maris, are proposed. Their new taxonomic status was determined applying a polyphasic taxonomic approach using phenotypic (morphology and extrolite profiles) and molecular (sequences of ITS, b-tubulin and calmodulin genes) characters. Ascospores of E. stella-maris and E. olivicola have star-shape equatorial crests, those of E. filifera form long appendages that emerge radially from narrow stellate crests and those of E. discophora produce wide and entire, nonstellate equatorial crests. E. stella-maris originated from leaf litter in Tunisia and E. filifera from raisins in Argentina, and both of them also were found in hypersaline water of a saltern in Slovenia. E. olivicola was isolated from olives in Italy and E. discophora from soil in Spain. All listed species possess distinct extrolite profiles: E. stella-maris produced arugosin E, shamixanthone and the yet unelucidated metabolites glia 1-3; E. filifera produced shamixanthone and varitriols; E. discophora produced sterigmatocystin and versicolorins; E. olivicola produced numerous extrolites such as arugosin E, siderin, shamixanthone, sterigmatocystin, terrein, varitriols and aflatoxin B 1 , of which the latter was detected only in one of the two strains.
INTRODUCTION
Genus Emericella was described by Berkeley (1857) based on E. variecolor Berk. & Broome and comprises 34 species (Pitt et al 2000 , Frisvad and Samson 2004 with their Aspergillus anamorphs assigned to subgenus Nidulantes (Christensen and States 1982, Peterson 2000 , Houbraken et al 2007 . Emericella has ascomata embedded in masses of Hü lle cells and red to violet ascospores with a pronounced equator consisting of two, four or multiple crests (Malloch and Cain 1972) , but the ascospore ornamentation and particularly the detailed morphology of the crests can be variable. For example crests can be entire or dissected (usually in a star-shape pattern), short or pronounced and can give rise to distinct appendages (Horie 1980) .
In a survey of microfungi from the salterns in Slovenia and other substrates from the Mediterranean region, four undescribed species of Emericella with typical ascospores were found and proposed here as new taxa.
MATERIALS AND METHODS
Isolation and cultivation of the strains.-Strains were isolated from hypersaline water of the salterns at the Adriatic coast (Sečovlje, Slovenia) (Gunde-Cimerman et al 2000) . They were isolated also from forest soil in Spain by a soil dilution technique (Gams et al 1998) and from olives in Italy by direct plating.
Macromorphological characters were examined on (i) Czapek yeast extract agar (CYA), (ii) Blakeslee malt extract agar (MEA), (iii) creatine sucrose agar (CREA) (iv) oatmeal agar (OA) and (v) MEA containing 5% NaCl (MEA + 5% NaCl) (Samson et al 2004) . Strains were incubated at 25 C 7-14 d and colony colors were identified according to Kornerup and Wanscher (1978) . To test temperature response, strains were grown at 10, 25, 30, 37 and 42 C on MEA 14 d in the dark in five replicates.
Micromorphological characters.-Cultures were studied on MEA or (when stated) on OA incubated in the dark at 25 C. Anamorphs were characterized after 7 d incubation, teleomorphs after 14 d or longer.
Determination of mycotoxins and other extrolites.-For the determination of extrolites all strains (TABLE I) were grown on CYA, yeast extract sucrose agar (YES, Samson et al 2004) and on OA 7-21 d. HPLC analyses were based on the methods of Thrane (1987, 1993) as modified by Smedsgaard (1997) .
DNA isolation and sequencing.-Mycelium for DNA extraction was grown and harvested from MEA (Oxoid CM59). . Newly generated sequences were deposited in GenBank (TABLE I) . Sequences were aligned with Clustal X 1.81 (Jeannmougin et al 1998) and adjusted manually with MEGA4 software (Tamura et al 2007) .
Phylogenetic analyses.-Phylogenetic relationships of the taxa were estimated from aligned sequences by the maximum parsimony (MP) criterion as implemented in PAUP 4.0b10 (Swofford 2002) . Heuristic searches were performed on all characters, which were unordered and equally weighted. Gaps were treated as missing characters. Starting tree(s) were obtained via random sequence addition with 100 replicates. Other parameters included a MAXTREES setting to 1000, tree bisection reconnection as the branch swapping algorithm and the MULTREES option. Branch robustness was tested in a bootstrap analysis, which included a setting as described above but 10 random sequence addition replicates.
RESULTS
Phylogenetic analysis of sequence data.-Of the aligned b-tubulin sequences, a portion of 419 positions including 125 parsimony informative characters was selected for the analysis; MP analysis of the sequence data resulted in 14 similar, equally most parsimonious trees (tree length 5 382 steps, consistency index 5 0.6832, retention index 5 0.7329), one of which is provided (FIG. 1) . The calmodulin dataset consisted of 456 characters including 178 parsimony informative sites; MP analysis resulted in a single most parsimonious tree (length 5 596, consistency index 5 0.6091, retention index 5 0.710), which is provided (FIG. 2) . The ITS dataset consisted of 467 characters including 67 parsimony informative sites; MP analysis resulted in more than 10 4 equally most parsimonious trees (length 5 120, consistency index 5 0.8583, retention index 5 0.9086), one of which is provided (FIG. 3) .
The cladograms were rooted with the b-tubulin, calmodulin and ITS sequences of E. heterothallica (Kwon-Chung, Fennell and Raper) Malloch & Cain. This species was chosen because it is phylogenetically related to taxa in section Usti (Houbraken et al 2007) . Species either having stellate ascospores or conspicuously entire ascospore crests (2 mm or more) or additional appendages on ascospore crests were closely related with the exception of E. discophora, which was more closely related to E. foeniculicola 
Horie (AB243110) and in a set of additional sequences of E. nidulans (AY573547, XM_653694, AY573550, AY573551, AY573552, AY573553, AY573548, AY573549 and AB243109). The b-tubulin sequence of E. heterothallica also carried an intron at the same position, however it differed clearly from those found in the other sequences. Regarding the ITS sequences, E. olivicola and E. discophora could be distinguished from any other species while E. filifera and E. stellamaris isolates respectively had identical ITS sequences to E. variecolor and E. astellata (FIG. 3) .
Morphology.-All strains studied (TABLE I) reported (Stchigel and Guarro 1997) . Ascospore crests in E. variecolor, E. venezuelensis Frisvad & Samson, E. pluriseminata, E. stella-maris and E. olivicola are distinctly star-shape but do not bear appendages. Asci of these species are smooth, however their ascospores form a distinct protuberance at the equatorial position. E. filifera forms ascospores whose crests bear appendages while still in the ascus, which determine the shape of the asci, which look like spike-balls . Asci containing ascospores with entire or slightly dissected equatorial crests as in E. discophora and E. astellata (Fennell & Raper) Y. Horie are subglobose to globose and either lack protuberances in E. discophora or have short extensions in E. variecolor. Based on ascospore morphology alone, E. variecolor, E. venezuelensis, E. stella-maris and E. olivicola are hardly distinguishable. Species identification is possible based on shortstellate equatorial crests as in E. undulata H.Z. Kong & Z.T. Qi (Kong and Qu 1986, Horie et al 1996) , conspicuous appendages emerging from crests as in E. qinqixianii Y. Horie, Abliz & R. Li and E. filifera or large ascospore dimensions as in E. pluriseminata. Emericella astellata and E. discophora have similar ascospores either having slightly dissected or entire equatorial crests. Conidiophores and conidia are not always present in cultures. They never were observed even after prolonged incubation (, 6 wk) in E. pluriseminata and E. undulata and seen in some E. filifera strains on CREA or high-salt media only. The conidiophore stipes of E. stella-maris, E. filifera and E. astellata are always septate, which differs from other Emericella anamorphs. On CREA none of the studied species produced acid. It enabled good growth of E. discophora, while E. pluriseminata did not grow at all. All other species studied grew weakly on CREA.
Temperature tests.-The only species that grew at 42 C was E. similis (CBS 293.93 ). E. filifera, E. variecolor, E. olivicola and E. undulata grew well at 37 C. In all species except E. undulata the teleomorph and anamorph were observed at 37 C. Strains of E. stellamaris, E. astellata and E. venezuelensis did not grow at 37 C. In E. discophora and E. pluriseminata restricted growth (less than 5 mm in 14 d) was detected at 37 C in one of the two isolates tested of each species. Strains of all the species grew well at 30 C and only E. discophora grew at 10 C.
Production of mycotoxins and other extrolites.-E. olivicola, E. venezuelensis and E. astellata produced the nonaketides aflatoxin and sterigmatocystin; E. discophora produced only the latter. E. filifera and E. variecolor produced the nonaketide asteltoxin but not sterigmatocystin. The octaketides shamixanthone and arugosins were produced by E. variecolor, E. filifera, E. stella-maris, E. olivicola, E. venezuelensis and E. astellata. Another octaketide, asperthecin, was produced by E. filifera, E. variecolor, E. stella-maris, E. olivicola CBS 597.65, E. astellata CBS 261.93 and E. discophora CBS 470.88. The hexaketides siderin and desertorins were detected in E. olivicola, E. variecolor and E. venezuelensis, while a falconensin hexaketide was produced by E. pluriseminata. The pentaketide terrein was produced by E. filifera, E. olivicola, E. venezuelensis and E. variecolor. Emericella variecolor produced the polyketides terrein, siderin, asperthecin, shamixanthone and asteltoxin. Some amino acid derived extrolites also were produced by some species, including emerin by E. discophora and the mycotoxin paxillin by E. similis. Colonies on MEA spreading quickly, 60-65 mm diam after 14 d at 25 C, velvety due to a pale orange (5A3) aerial mycelium, becoming gray (23B1) near the center due to developing ascomata, marginal immersed mycelium moderate to vivid orange (6C7, 6B7); without exudate droplets, without soluble pigment; formation of ascomata slowly, production of mature ascospores after 3 wk; reverse golden yellow (5B7); conidiophores absent. On CYA 50 mm diam after in 14 d at 25 C; colonies consisting of radially furrowed, velvety mycelium, light orange (5A4); ascomata absent; no exudate droplets; colony surface light orange (5A4), reverse reddish orange (7A8); conidiophores absent. On OA 60 mm diam after 14 d at 25 C of a thin immersed mycelium, colorless exudate droplets around ascomata and sparsely developed aerial mycelium; colony surface granular due to abundant production of ascomata, yellowish white (4A2), reverse yellowish white (4A2); conidiophores absent. Colonies on CREA growing well. Acid production on CREA negative.
Ascomata cleistothecial, arranged in concentric rings, yellowish white (4A2), subglobose, 510-680 mm high, 380-620 mm wide with numerous globose to ovoid Hü lle cells 18.5-32.0 mm diam. Asci globose to subglobose, evanescent, 8-spored, 12.5-23.0 mm, evanescent, 8-spored. Ascospores brownish red, in surface view globose, 8.5-10.0 mm diam with crests; spore bodies subglobose, 4.5-5.0 3 3.5-5.0 mm; in side view broadly lenticular with two equatorial crests; crests ca. 1.4-2.4 mm broad, regularly ornamented with longitudinal, 0.3-0.4 mm wide pleats. Conidiophores stipes smooth, brownish, 180-240 mm long, 3.0-5.5 mm wide at base; vesicles globose to clavate, hyaline, 9.0-10.6 mm wide, covered in the upper half by metulae; metulae hyaline, 4.5-6.0 3 2.6-3.2 mm, bearing whorls of up to four adpressed phialides; phialides flask-shape, hyaline, 5-8 3 2.0-3.4 mm. Conidia appearing pastel green (29A4) in mass, globose to subglobose, smooth, 2.2-3.0 m; conidial heads radiate, 20-40 mm diam.
Mycotoxins and other extrolites. Sterigmatocystin, versicolorins.
Additional strains examined. CBS 470.88 (TABLE I) .
Habitat. Soil. Distribution. Spain. Differential diagnostics. Ascospore morphology of this species is similar as in E. astellata. In some ascospores the crests are hardly polygonal. It differs from E. astellata by its ability to grow at 10 C. While E. astellata can produce moderate amounts of sterigmatocystin and aflatoxin B 1 , E. discophora accumulates large amounts of sterigmatocystin.
Notes. Both strains of E. discophora show similar morphology and growth rate on MEA, where an intense pigment is produced (moderate to vivid orange). Ascomata in CBS 469.88 are produced on conventional media but the anamorph only on medium with 5-10% NaCl concentration. CBS 470.88 produced the anamorph on OA and MEA, ascomatal initials on MEA after 14 d and mature ascomata after 4 wk. The anamorph is described from CBS 470.88, the teleomorph from CBS 469.88. Description of colonies is based on CBS 469.88. Colonies on MEA spreading quickly, 35-70 mm diam after 14 d at 25 C, colonies granular due to deep green (30E8), abundantly formed ascomata or golden yellow (5B7) exudate droplets, with aerial mycelium produced sparsely consisting of a thin mycelial felt; colony surface grayish green (30E5), reverse yellowish white (4A2) to brown (7E6); conidiophores produced sparsely, scattered throughout colony, not developing in all strains. On CYA 55-65 mm diam after 14 d at 25 C; appearance as on MEA but ascomata more abundantly produced, sometimes densely packed; exudate droplets dark green (29F3) to yellow-green; aerial mycelium consisting of a flat, thick, white to yellowish felt; colony surface grayish green (30E5) to greenish gray (30F2) with pale yellow (4A3) mycelium, reverse dark greenish gray (30F2); conidiophores produced sparsely, scattered mainly near colony margin. On OA 35-70 mm diam after 14 d at 25 C; appearance and ascomata production as on MEA; exudate droplets light yellow (4A5); aerial mycelium developed sparsely; colony surface dark green (28F8), reverse grayish green (30E6); conidiophores sparse or absent. Colonies on CREA growing poorly. Acid production on CREA negative.
Emericella filifera
Ascomata cleistothecial, after 14 d arranged in concentric rings, formed superficially on agar, grayish green (30E7), globose to subglobose, 390-480 mm high, 200-400 mm wide, rough to finely warted due to numerous Hü lle cells, which are globose to ovoid, 15.0-19.0 mm diam. Asci globose to subglobose, 10.0-13.0 mm wide, with conspicuous 3.0-5.0 mm long spikes, evanescent, 8-spored. Ascospores brownish red, in surface view subglobose, 5.3-6.3 3 4.3-5.7 mm with crests; spore body subglobose, 3.3-4.1 3 2.8-3.5 mm; in side view broadly lenticular, with two stellate equatorial crests; crests ca. 0.6-1.1 mm broad, bearing numerous hyaline, filiform, 3.0-6.0 mm long and 0.4-0.7 mm thick appendages with swollen, bulbillike structures at their tips. Conidiophores with smooth stipes 130-200 mm long, 2.3-4.5 mm wide, yellowish brown; vesicles hyaline, 5.0-11.0 mm wide, covered in the upper half by metulae, which are hyaline to pale yellowish brown, 5.5-8.4 3 3.0-4.5 mm; phialides in adpressed whorls of up to four, flask-shaped, hyaline to pale yellowish brown, 7.0-11.0 3 2.0-3.6 mm. Conidia appearing dull green to grayish green in masses, globose to subglobose, 2.5-3.0 mm diam, minutely echinulate; conidial heads radiate, 40-70 mm diam.
Mycotoxins and other extrolites. Shamixanthone, varitriols.
Additional strains examined. CBS 113637, CBS 114510.
Habitat. Known from hypersaline saltern water, sweet food (raisins), soil. Colonies on MEA spreading quickly, 57-65 mm diam in 14 d at 25 C, granular due to dark brown (7F4), abundantly formed ascomata, without exudate droplets and aerial mycelium; colony surface dark brown (7F4), reverse pale yellowish white (4A2) to olive brown (4D4) in the areas of abundant ascomata production; conidiophores produced sparsely, scattered throughout colony. On CYA 45-50 mm diam after 14 d at 25 C; minutely granular in colony center due to immature, developing ascomata; aerial mycelium consisting of a flat, thick and superficial, white mycelial felt; colony surface light brown (7D5) in the colony center with white mycelium, reverse dark brown (7F7); conidiophores produced sparsely in the colony center. On OA 42-47 mm diam after 14 d at 25 C, appearance as on MEA, with ascomata arranged in concentric circles throughout the colony; aerial mycelium lacking; colony surface and reverse deep green (30D8); conidiophores produced sparsely, scattered throughout the colony. Colonies on CREA growing poorly. Acid production on CREA negative.
Ascomata cleistothecial, gregarious over most of the colony, formed superficially on agar, deep green (30E8), subglobose, 510-850 mm high, 290-690 mm wide, with numerous Hü lle cells; Hü lle cells globose to ovoid, 15.5-28.5 mm diam, filled with oil droplets after 14 d. Asci stellate in surface view, consisting of globose to subglobose, 9.0-10.5 mm wide bodies from which up to 2 mm long equatorial, blunt protruberations radiate, evanescent, 8-spored. Ascospores brownish red, in surface view stellate, 5.3-7.7 mm diam with crests; spore bodies smooth, subglobose, 3.0-4.0 3 3.2-3.7 mm; in side view broadly lenticular, with two stellate equatorial crests; undissected part of crests ca. 0.6-0.8 mm broad, with 1.0-1.8 mm long extensions; crests regularly ornamented with 0.3-0.5 mm wide, longitudinal pleats, transverse pleats more densely arranged. Conidiophores (described from OA) with smooth, brownish, 150-340 mm long 3.0-6.5 mm wide stipes; vesicles subglobose to subclavate, hyaline to brownish, 7.4-15.5 mm wide, covered in the upper half with metuale; metulae hyaline to brown, 7.7-10.5 3 2.0-3.5 mm, bearing whorls of up to four adpressed phialides; phialides flask-shape, hyaline to brown, 7.5-12.5 3 1.5-2.5 mm. Conidia appearing greenish in mass, globose to subglobose, 2.5-3.2 mm diam, echinulate; conidial heads radiate, deep green (29E8), 30-80 mm diam.
Mycotoxins and other extrolites. Arugosin E, siderin, shamixanthone, sterigmatocystin, terrein, varitriols.
Additional strain examined. CBS 597.65.
Habitat. Decaying fruits of Olea europaea. Distribution. Italy. Differential diagnostics. Stellate ascospores, 3.0-4.0 3 3.2-3.7 mm, with relatively narrow equatorial crests (, 2.3 mm). Thin-walled Hü lle cells filled with oil droplets.
Notes. The conidiophores were described from OA, where they were well developed. On MEA and CYA metulae and phialides collapsing readily. Colonies on MEA spreading quickly, 50-70 mm diam after 14 d at 25 C, granular due to dark green (30F3), abundantly formed ascomata or linoleum brown (5E7) exudate droplets; without aerial mycelium; colony surface grayish red (8C5), covered by abundant ascomata, dark green (28F8) to grass green (30E7), with a grayish red (8C5) soluble pigment visible around colony margins, reverse grayish red (8C5), below ascomata moderate dark brown (7F5); conidiophores abundant. On CYA attaining 60-65 mm diam after 14 d at 25 C; appearance as on MEA but ascomata arranged in concentric circles, particularly on colony margins, dark green (29F8), and surrounded by unpigmented to pinkish, watery exudate droplets; aerial mycelium consisting of a thick superficial, beige to yellowish mycelial felt; colony surface yellowish white (4A2) to brownish orange (6C4), reverse pastel yellow (3A4) when ascomata are scarce, in nearly black shades when ascomata are abundant; conidiophores developing mainly in colony center. On OA attaining 51-56 mm diam after 14 d at 25 C; appearance of colonies granular due to scattered, dark green (30F4) ascomata and unpigmented exudate droplets; no aerial mycelium; colony surface becoming violet brown (10F6) in some strains, reverse grayish green (27B4) to grayish red (8C5) after 7 d, becoming violet brown (10F6) after 14 d; conidiophores more or less scattered in the colony center. Colonies on CREA growing poorly. Acid production on CREA negative.
Emericella stella-maris
Ascomata cleistothecial, after 14 d arranged in concentric rings in the marginal areas, formed superficially on agar, dull green (29E3) to dark green (29F2), oblong, 630-880 high 3 300-630 mm wide (on OA smaller, 460-670 3 290-400 mm), with numerous Hü lle cells that sometimes form a pseudo stalk; Hü lle cells globose to ovoid, 12-22 mm diam. Asci stellate in surface view, consisting of globose to subglobose, 10-14 mm diam wide bodies and 2.5-6.5 mm long equatorial spikes, evanescent, 8-spored. Ascospores orange-red, in surface view stellate, 10.0-16.0 mm; spore bodies smooth, subglobose, 3.0-4.5 3 2.5-4.5 mm; in side view broadly lenticular, with two stellate equatorial crests; undissected part of crests bearing whorls of up to four adpressed phialides; phialides flask-shaped, hyaline to brownish, 5.7-9.3 3 1.8-3.0 mm. Conidia appearing greenish in mass, globose to subglobose, 2.0-3.3 mm diam, smoothwalled to echinulate; conidial heads radiate, maize yellow (4A6) to dark green (28F8), 30-80 mm diam.
Mycotoxins and other extrolites. Arugosin E, shamixanthone, glia 1-3 (a compound unique to E. stellamaris, structure currently unelucidated).
Additional strains examined. CBS 113639, CBS 114378 (TABLE I) .
Habitat. Hypersaline water, Eucalyptus leaf litter. Distribution. Mediterranean basin, Tunisia. Differential diagnostics. Stellate ascospores, with longitudinal and transversal pleats on the equatorial crests. No growth at 37 C. Septate conidiophores.
DISCUSSION
The majority of Emericella species have ascospores with narrow, inconspicuous or reduced and mostly two or rarely four or eight crests (Horie 1980) . The species described in this paper have different ascospore crests, which are conspicuously broad and their margin is often dissected, usually in a star-shape pattern. Until now star-shape ascospores were described for E. variecolor (Berkeley 1857), E. astellata (Horie 1980 ), E. pluriseminata (Stchigel and Guarro 1997) and E. venezuelensis (Frisvad and Samson 2004) .
Based on a phylogenetic analysis of sequences of the large subunit of the ribosomal RNA gene cluster (Peterson 2000) , E. variecolor and E. astellata were found to be monophyletic and placed basally to a clade comprising most other Emericella species with inconspicuous crests. Our phylogenetic analyses of sequences of the partial b-tubulin and calmodulin gene add additional species, including E. filifera, E. stella-maris and E. olivicola with conspicuous crests, to this monophyletic group (FIGS. 1-3) . Only E. pluriseminata, although having stellate ascospore crests, clearly clusters outside this group (Frisvad and Samson 2004; FIG. 1 this paper) . Instead it appears to be more closely related to E. nidulans, E. similis and E. indica (all with simple crests). Presence of an additional intron of ca. 50 nucleotides in the btubulin gene in these species may stress their relatedness. According to BLAST analyses (results not shown), this additional intron is detectable in E. parvathecia and E. miyajii but not in any other closely related Aspergillus species, thus also not in A. versicolor (Vuill.) Tirab. and A. sydowii (Bainier & Sartory) Thom & Church. The fourth new species described here, E. discophora, has ascospores with two equatorial crests ornamented with longitudinal pleats. This species was found to be unrelated to either of the above groups and showed affinities to E. foeniculicola.
Ascospore crests whether developed conspicuously (large flanged, stellate) or narrowly and entire, appear to be unique for Emericella. Within the genus however there are no phylogenetically distinct subgroups that also could be characterized according to morphological characters of the ascospore crests. Ascospore crests therefore do not appear to be a basis for additional infrageneric subdivisions within Emericella.
Morphological characters of ascospores are of particular importance for delineations and identifications of Emericella species (Horie 1980, this study) . For the distinction of some species however some characters of the anamorph or of colonies incubated at certain conditions need to be determined. Strongly dissected and star-shaped but also broad-crested ascospores are characteristic for E. variecolor, E. pluriseminata and E. venezuelensis (Berkeley 1857, Stchigel and Guarro 1997, Frisvad and Samson 2004) . The ascospores of the neotype of E. astellata (CBS 261.93) are narrower than those of the other species with star-shape ascospore crests; still they are at least slightly dissected in a polygonal fashion. Emericella variecolor, E. venezuelensis, E. stella-maris and E. olivicola have morphologically similar ascospores. Emericella olivicola has the smallest ascospores and equatorial crests among the other discussed species; E. venezuelensis and E. pluriseminata have relatively big ascospores whose surfaces are rough, while the ascospore bodies of the other species are smooth. No anamorph was encountered on any of the media tested so far for E. pluriseminata, while in E. venezuelensis conidiophores and conidia are formed, for example on CREA but not on conventional media such as OA, MEA and CYA. In contrast all other species form conidial structures well on these latter media. According to Stchigel and Guarro (1997) E. pluriseminata forms 16-spored asci, but we have seen only 8-spored asci in this species. Emericella stellamaris is clearly distinct from E. variecolor by its inability to grow at 37 C. Emericella discophora is characterized by nondissected, entire crests that are up to 2.4 mm broad. Entire crests also are encountered in E. fruticulosa (Raper & Fennell) Malloch & Cain (1972) , E. falconensis Y. Horie, Miyaji, Nishimura & Udagawa (Horie et al 1989) and E. navahoensis Christensen and States (1982) , but these species have clearly narrower crests than E. discophora. Appendages emerging from the margins of the crests and tuberculate surfaces of ascospores distinguish E. filifera from all other Emericella species. Without appendages its ascospores would be morphologically similar to E. undulata. The only other Emericella species bearing appendages was described as E. qinqixianii (Horie et al 2000) . It seemed to differ from E. filifera by its smooth ascospore surfaces, but no strain of E. qinqixiani was available for comparison.
The nonaketide sterigmatocystin is a metabolite well known from many Emericella species (Frisvad 1985) . Coproduction of aflatoxin, also a nonaketide and sterigmatocystin, however is unusual and was observed only in E. venezuelensis, E. astellata Samson 2004, Frisvad et al 2004) and one of two tested strains of E. olivicola. Species producing sterigmatocystin typically do not produce asteltoxin and those producing asteltoxin do not produce sterigmatocystin (JC Frisvad unpubl). Our findings for E. filifera and E. variecolor do support this general observation. Species, here shown to be phylogenetically closely related, E. variecolor, E. filifera, E. stellamaris, E. olivicola, E. venezuelensis and E. astellata all form the octaketides shamixanthone and arugosins (the latter produced in two of the three E. filifera strains). To no surprise, an apolar shamixanthone derivative also is produced by E. similis, which is placed as a closely related sister taxon of the octaketide producing members of the ingroup. Because such octaketides, including shamixanthone, arugosins and variecoxanthones, also have been reported from E. rugulosa, E. nidulans and E. quadrilineata (Turner and Aldridge 1983) they seem to be widespread in genus Emericella. The production of the octaketide asperthecin by E. variecolor, E. stellamaris, E. filifera CBS 113636 and CBS 113637, E. olivicola CBS 597.65, E. astellata CBS 261.93, E. discophora CBS 470.88 (TABLE I ) and E. quadrilineata (Turner and Aldridge 1983) illustrates that similar metabolites can occur in phylogenetically closely related species. Overall the results provide more evidence of Emericella species' tendency to produce diverse polyketides.
Many extrolites were found in E. filifera, E. variecolor and E. astellata. Similar extrolite profiles were measured in E. variecolor and E. astellata (see also Frisvad et al 2004 TABLE I ), sharing shamixanthone, terrein and asperthecin (the latter two formed only in one strain of E. astellata). Emericella astellata and E. venezuelensis were the first Emericella species known to produce aflatoxin B 1 Samson 2004, Frisvad et al 2004) . Here we show that at least one of the two strains known for E. olivicola also is able to produce this toxin. Extrolite profiles are similar in E. stella-maris and E. variecolor but only E. stella-maris formed compounds glia 1-3, while asteltoxin is produced only by E. variecolor. Sterigmatocystin and the metabolite we provisionally have named TUK are produced in E. olivicola but not in E. variecolor. According to Frisvad et al (2004) high amounts of sterigmatocystin, a chemical precursor of aflatoxin B1, are produced by E. discophora but low amounts of this metabolite are formed in E. astellata. It is possible that the transformation of sterigmatocystin in aflatoxin B 1 keeps the amounts of sterigmatocystin in E. astellata low. The distinctive array of extrolites produced by E. pluriseminata, considered unusual and unknown by Frisvad and Samson (2004) , is in agreement with phylogenetic inferences that place E. pluriseminata outside a group of closely related species showing relatively homogeneous extrolite profiles.
Emericella species are isolated mainly from dry substrata including herbal drugs, dried fruits and stored cereals and also from soil, leaf litter and dung in arid and hot areas around the world. Some also have been isolated from the rhizosphere of cultivated plants. Samson and Mouchacca (1974) suggested that Emericella species might prefer dry and warm climates and probably dry substrata, and our data further support this suggestion. All strains analyzed were able to grow at 30 C and only a single strain of E. similis isolated from desert soil in Iraq was able to grow at 42 C. It seems that Emericella species are well adapted to warm, low water activity environments and they are thermotolerant but rarely thermophilic.
